We present electron density and temperature measurements from an active region observed above the limb with the Solar Ultraviolet Measurements of Emitted Radiation spectrometer on the Solar and Heliospheric Observatory. Density-sensitive line ratios from Si viii and S x indicate densities greater than 10 8 cm as high
INTRODUCTION Active region observations with the Transition Region and
Coronal Explorer (TRACE) have sparked a renewed interest in the hydrostatic and hydrodynamic modeling of active region loop structures. Work by Lenz et al. (1999) , Aschwanden, Nightingale, & Alexander (2000) , and Aschwanden, Schrijver, & Alexander (2001) has shown that many active region loops observed with TRACE are not consistent with the Rosner-Tucker-Vaiana-Serio (RTVS) scaling laws for static, uniformly heated loops (Rosner, Tucker, & Vaiana 1978; Serio et al. 1981) . The observations show loops that have much larger intensities and flatter filter ratios than can be accounted for by the scaling laws for uniform heating. Static loop models with heating localized at the footpoints generally have flatter temperature profiles and larger apex densities than uniformly heated loops do, but the increase in density is generally not large enough to reproduce the observed intensities (Winebarger, Warren, & Mariska 2003a; .
Recent work by Warren, Winebarger, & Hamilton (2002) and Spadaro et al. (2003) has emphasized the role of impulsive heating in explaining the observed properties of these loops. Because impulsively heated loops typically cool faster than they drain, they can be significantly overdense relative to the RTVS scaling law as they cool through the TRACE bandpasses. Winebarger, Warren, & Seaton (2003b) analyzed the temporal evolution of five relatively isolated active region loops observed with TRACE and found that all of these loops appeared first in the hotter Fe xii 195 Å filter and then in the cooler Fe ix/Fe x 171 Å filter, which is qualitatively consistent with impulsively heated loops cooling through the TRACE bandpasses. were able to reproduce the spatial and temporal evolution of one of the loops in the this study by modeling it as a bundle of small-scale, impulsively heated filaments. The filamentation was necessary to reproduce the flat filter ratios and the extended lifetime of the observed emission.
While narrow band, large field of view filtergram images are very useful for studying the morphology and evolution of active region structures, the lack of detailed spectral information limits the ability of the TRACE observations to constrain fully physical models. Because of the limited number of EUV filters available for most observations, it is often not possible to tell whether the plasma along the line of sight is isothermal or multithermal. Since the calculation of the TRACE response depends critically on the assumed electron temperature, the ambiguities in the temperature make the densities inferred from the intensities much less certain. The uncertainties in the inferred densities are also increased by ambiguities in the geometrical factors (the line-ofsight depth and the filling factor) needed to calculate the density from the emission measure (EM).
In this Letter, we investigate the density and temperature structure of active region emission above the solar limb using spectrally resolved observations from the Solar Ultraviolet Measurements of Emitted Radiation (SUMER) spectrometer flown on the Solar and Heliospheric Observatory (SOHO). We use density-sensitive line ratios from Si viii and S x to measure the electron densities directly. These diagnostics have been used extensively to measure electron densities in the quiet corona (e.g., Doschek et al. 1997; Laming et al. 1997 ). In the ionization balance calculations of Mazzotta et al. (1998) , Si viii has a peak temperature of formation of , while S x is formed log T p 5.93 at . Thus, these density diagnostics are well suited log T p 6.15 for studying active region plasma typically imaged by the TRACE Fe ix/Fe x 171 Å and Fe xii 195 Å filters. To provide information on the temperature structure of the active region plasma, we have also observed emission lines that are suitable for differential EM (DEM) analysis. These SUMER observations include emission lines from Si viii, Si ix, Si x, and Si xi, which allow us to discriminate between multithermal and isothermal plasma. 
OBSERVATIONS AND ANALYSIS
SUMER is a high-resolution, normal-incidence spectrometer. A description of the SUMER instrument is given by Wilhelm et al. (1995) , and its initial in-flight performance is reviewed by and Lemaire et al. (1997) . These SUMER observations consist of a series of 300 s exposures taken in five different wavelength bands: 668-714, 1123-1167, 1172-1216, 1243-1287 , and 1421-1463 Å . The observing sequence cycled over all of the wavelengths 4 times, taking two exposures in each band, for a total of 2400 s in each spectral range. The slit was centered at (Ϫ1000Љ, Ϫ450Љ), 1 # 300 and detector B was used. The first exposure began 1999 June 11 (00:01 UT), and the last exposure began at 03:27 UT. An EUV Imaging Telescope (EIT)/SOHO image taken during these observations is shown in Figure 1 To provide some context for these observations, we calculate intensities along the slit for the Si viii l1445.75 and Si xi l580.91 emission lines by fitting each line profile with a Gaussian. The intensities for these lines, which represent the lowest and highest temperature emission lines in our study, are shown in Figure 2 . The count rate for each line profile is converted to physical units using the most recent version of the instrumental calibration (EPOCH 9).
To determine the line-of-sight-averaged electron densities, we compute line intensities for the relevant Si viii and S x lines by performing a least-squares Gaussian fit to line profiles averaged over about 25 spatial pixels at five locations along the slit. The theoretical intensity ratios as a function of electron density shown in Figure 2 are calculated from the most recent version of the CHIANTI atomic physics database (Young et al. 2003) . These calculated ratios are very similar to those used in previous work (e.g., Doschek et al. 1997; Laming et al. 1997) . The densities derived from the observed line ratios are summarized in Figure 2 and in Table 1 .
Using hydrostatic loop models to interpret the observed densities requires an accurate description of the temperature distribution. For gravitationally stratified loops, the density falls off exponentially with a scale height proportional to the temperature. Thus, at large heights above the limb, small differences in the assumed temperature can lead to dramatic differences in the predicted densities. Fortunately, these SUMER observations provide several temperature diagnostics. For example, we use the Si xi l580.95-to-Si viii l1445.75 line ratio to estimate the temperature. This ratio has an average value of 8.2 in this region and indicates a temperature of 1.45 MK ( ). The similar behavior of the Si viii and Si xi log T p 6.16 line intensities seen in Figure 2 also indicates that there are no large variations in the temperature structure with height in this region. This line ratio is extremely sensitive to temperature, varying by a factor of 5000 between 1 and 2 MK.
An alternative approach to the line ratio method, which assumes isothermality, is computing the DEM. For this analysis, we compute intensities for Mg ix l706.06, Mg x l624.95, S x l1213.00, Si viii l1445.75, Si ix l676.71, Si x l639.03, Si xi of cm . l580.95, and Si xi l604.15 at each of the five positions shown in Figure 2 . Using emissivities calculated from CHIANTI, we perform a least-squares fit to the observed line intensities,
assuming that the DEM is a Gaussian of the form
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As is shown in Figure 3 , the emission lines available for the DEM analysis span the temperature range from log T p 5.6 to . log T p 6.5 The DEMs derived for these data are in good agreement with the Si xi/Si viii line ratios. At each position, we obtain a mean temperature of about MK. Additionally, the DEMs T p 1.46 0 reveal that the distribution of temperatures is relatively narrow. At each height, the fit indicates a dispersion in the temperature distribution of 0.2 MK or less. The DEM determined for region E is shown in Figure 3 , and the parameters for all of the fits are given in Table 1 . At each position, the differences between the computed and observed line intensities are similar. The observed intensities for Mg x l624.95 and Si x l639.03 are typically about 35% higher than those computed from the EM model, while the computed intensity for S x l1213.00 line is about 20% too low. The computed intensities for the other lines are within 10% of the observed values.
The DEM analysis clarifies the comparisons between the observed densities and the predictions of static, uniformly heated loop models. The DEMs indicate that there is very little plasma in this region near the peak temperature of formation for Si viii ( ), so this temperature is not relevant log T p 5.93 to the comparisons. Most of the plasma in this region is actually formed at a temperature close to the temperature of the formation of S x ( ). As is shown in Figure 2 , at this log T p 6.15 temperature, static loop models with uniform heating predict densities of approximately 10 7 cm at the largest heights and 8 # 10 between a factor of 10 and a factor of 5 lower than is observed. These observed densities are also too large to be accounted for by static heating localized at the footpoints (Winebarger et al. 2003a (Winebarger et al. , 2003b . Since integrating along the line of sight will incorporate lower density loops at larger heights, accounting for the three-dimensional nature of the corona will make it even more difficult for static loop models to reproduce the observed densities.
Note that we have calculated these static, uniformly heated loop models using the Naval Research Laboratory solar flux tube model (e.g., Mariska 1987) . Systematic comparisons between the results from the full hydrodynamic code and the Serio et al. (1981) scaling laws indicate that the scaling laws overestimate the apex density by more than a factor of 2 at low temperatures (Շ2 MK) and long lengths (տ100 Mm). Very long loops were not considered by Serio et al. (1981) , and the strong gravitational stratification at these temperatures makes their properties difficult to extrapolate.
The densities observed at these heights are easily reproduced by time-dependent hydrodynamic modeling. To illustrate this, we have performed several numerical simulations similar to those discussed in Warren et al. ( , 2003 . As in these previous studies, we parameterize the energy deposition as 8 cm . As shown in Figure 4 , the mean temperature in the Ϫ3 DEM computed from the simulated apex densities is similar to what is observed. The dispersion in the DEM, however, is much wider than what is observed. This discrepancy might be resolved if the densities declined more rapidly with time, but it is not clear how the simulation needs to be changed to bring this about.
SUMMARY AND DISCUSSION
We have presented measurements of electron density and temperature in a solar active region observed above the limb. Both emission-line ratio and DEM techniques are consistent with nearly isothermal plasma at a temperature of approximately 1.45 MK. At this temperature, static, uniformly heated loop models yield densities that are between 5 and 10 times lower than what is inferred from the Si viii and S x line ratios. Time-dependent hydrodynamic simulations suggest that impulsive heating models can account for the large densities, but they have a difficult time reproducing the narrow range of observed temperatures.
Observations of active regions with the Coronal Diagnostic Spectrometer on SOHO suggest that the hottest temperatures and highest densities are typically found in the core of an active region (e.g., Mason et al. 1999; Gallagher et al. 2001) . For these observations, the SUMER slit was positioned above the core, in the "halo" of cooler, more tenuous loops that typically surround an active region. This explains, at least partially, why we do not observe the broad distribution of temperatures normally associated with active region DEMs. Also, some observations of the diffuse emission above an active region have suggested a broader distribution of temperatures (e.g., Aschwanden & Acton 2001) . The analysis of more observations is needed to determine whether narrow or broad distributions are more common.
Many spectroscopic observations of the quiet corona indicate a temperature and density structure that is similar to what has been determined for this active region. For example, Raymond et al. (1997 ), Feldman et al. (1998 , Warren (1999) , Allen et al. (2000) , Landi, Feldman, & Dere (2002) , and Warren & Warshall (2002) have all found evidence of nearly isothermal plasma in the quiet corona above the limb. Furthermore, Warren & Warshall (2002) found that the densities observed in the large-scale, quiet corona are systematically higher than those predicted by hydrostatic equilibrium at most heights above the limb.
